In high altitude areas snow cover duration largely determines the length of the growing season of the vegetation. A sensitivity study of snow cover to various scenarios of temperature and precipitation has been conducted to assess how snow cover and vegetation may respond for a very localized area of the high Swiss Alps (2050-2500 m above sea level). A surface energy balance model has been upgraded to compute snow depth and duration, taking into account solar radiation geometry over complex topography. Plant habitat zones have been defined and 23 species, whose photoperiodic preferences were documented in an earlier study, were grouped into each zone.
Introduction
In alpine terrain, the distribution of snow and vegetation are closely linked. The topography allows a variety of microhabitats to exist as a result of particular microclimatic conditions. These are modulated to a large extent by the solar energy input, which is itself influenced by local topography, in particular slope angle and orientation (Fischer, 1990; Guisan et al., 1998; Horsch, 2003) . Plant species in these areas exhibit specific micro-environmental requirements that are mostly affected by the duration of snow cover but also by relief (Körner, 1995; Körner, 1999) . Microhabitats are certainly key factors affecting the plant diversity of high mountains and species can be clearly differentiated according to their micro-topographical niches (Gottfried et al., 1998; Gottfried et al., 1999) . According to Grabherr et al. (1995) at least one-third of the alpine/nival flora of the Alps is restricted to azonal habitats, especially rocks, scree, and snowbeds which represent abnormal habitats created by disturbances (Grabherr et al., 1995) . For example, plants in snowbeds, i.e., hollows with a long-lying snow cover, receive an effective protection against low temperatures in winter. Following snowmelt, the water availability in a snowbed is improved but the soil organic matter content and the nutrient availability is reduced Climatic Change (2005) (Billings and Bliss, 1959; Galen and Stanton, 1995) . Plant species such as Sibbaldia procumbens, Veronica alpina and others are well adapted to such conditions as shown by a study of Galen and Stanton (1995) in the Pennsylvania Mountain Park, U.S.A., but there are other alpine species which are not (for example Loiseleuria procumbens).
The patterns of snow distribution in rugged alpine terrain are the most visible consequence of topography and its interaction with climatic variables like radiation, precipitation and wind (Körner, 1992; Gottfried et al., 1999; Körner, 1999) . In order to adequately simulate the snow distribution in such regions, a model with a very high spatial resolution is required. However, there are computational limits to the application of such models (Beniston et al., 1997) . General Circulation Models (GCMs) and Regional Circulation Models (RCMs) work with grid cells too large to reflect patterns relevant for snow-plant interactions. On the other hand, surface energy balance models (SEBM), although not representing the 3-D atmospheric circulation patterns, are able to simulate locally the energy and water budgets. With the help of such a model, it is possible to assess the change in snow cover duration in response to climatic change scenarios (Beniston et al., 2003b; Keller and Goyette, accepted) .
Since the beginning of the 20th century a positive trend in global-average annual temperature has been observed (0.3-0.7 K; Jones and Moberg, 2003) with more pronounced changes in some regions. In the Swiss Alps, for instance, the increase of the average annual temperature over the 20th century reached 1.5 K in certain locations (Beniston et al., 1997) . A clear difference in behavior of minimum and maximum temperatures that depends on altitude and location could be observed for Switzerland (Jungo and Beniston, 2001) . The predictions for future global temperature increase range from 1.4 to 5.8 K for the end of the 21st century (IPCC, 2001) . For the Swiss Alps, Giorgi and Francisco (2000) estimate a temperature increase of 2-4 K and a precipitation increase in winter of 10% and a decrease in summer of 10%.
The vegetation at high altitudes is believed to be particularly sensitive to longterm climate change because abiotic factors, especially climate, dominate with respect to biotic interactions (Körner, 1994; Grabherr et al., 1995; Beniston et al., 1996; Theurillat and Guisan, 2001) . At these elevations, effects of anthropogenic land use change are mostly negligible and many high alpine species grow slowly and are long-lived. Therefore, significant changes of vegetation patterns are not likely to be caused by short-term climatic fluctuations, but may become obvious as a result of long-term climate change (Pauli et al., 1999) .
Recently, a study showed that the development of alpine plants is not only a function of temperature change but is also sensitive to day length at the beginning of the growing period (Keller and Körner, 2003) . The moment of snowmelt determines the day length experienced by the plants at the beginning of the growing season; hence the timing of snowmelt is crucial for the vegetation cycle of the species (Körner, 1992) .
